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(54) FERROMAGNETIC SHAPE MEMORY ALLOY AND ACTUATOR USING THE SAME 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferromagnetic 
shape memory alloy excellent in ductility, having 
ferromagnetic properties and martensitic 
transformation, and to provide an actuator using the 
(b) same. 

SOLUTION*. This ferromagnetic shape memory alloy has 

f ■ a composition containing, by atom, 5 to 70% Co, 5 to 70% 

f I I ^7 Niand 5 to 50% Al, and the balance inevitable impurities 

and has a single phase structure composed of a Bphase 
with a B2 structure or a dual phase structure composed 
of a y phase with an fee structure and a 8 phase with a 
B2 structure. 
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[1**^1] Co^5~70M^-%, Ni£5~70M^%, 

m b i-zmmmmm-&&a 

[fM*3g2] #E5m$HzMx.X * Fe& 0. 001~30JjK^- 
%*5«fct*/*;fc«Mn£ 0. OOl~3OJ0K^-%-^ft"rS - £ & 

(Sfc£«3] MIEl§^ct^Dx.T, Ga. In*5 <£0<Si(D5 10 
*>011J: 0.001~50^%*y L ctt2@«±^ff 0.0 
01~50jjR^%£#f-.& r t &#m<t-f 5fMiJl 1 Sfctt 

[ff*S4] ffJiaB^}rJPx.T, B5r0.0005~0.0lM 
Mg^rO. 0005~0. OlJfg^-%, C £0. 0005~0. OlJDK^- 
yofcil^P^rO. 0005~0. 01JS-f-%<0 5 1 H£fcte2 

[W*3I5] w>W&aj&lcMx.X ^ Pt, Pd, Au N Ag, N 
b, V, Ti, Cr, Zr\ Cu, W&itflUoGO 5 1 0. 20 
001~10^%4fcii2aj^_h^#f+ 0. 001~10^% 

<£m-tz>z.b&<ffi&b-rzm$mi. 2, 3*^4^ 

b-tzmim 1 . 2 */ctt 3 lc^03H&l&&KgBtt£- 

2, 3, 4*fc(*5{cteigo^tt^^fEti-a-^ 

[|#5ftJS8] 1**^1, 2, 3, 4, 5, 6£fctt7 30 

fct»©M«H$M***fc«£^a» e> * saw* t , Hfrtem^ 

[«jfc«9] 8»#Bl, 2, 3, 4. 5, 64fc(i7 

iciE«(DaMaa4?gttiB«^*»c>/j:5awti:, anew** 
m<omt\c£^xim@mim*>&tti*-t-z>Mzib 

[|»*«io] StdEaPf^gg/JSu—if— if— A^SSgt? 

o 

[HWt*ll] M#£l, 2, 3, 4, 5, 64fcl47 

<z>sss«5 «t t>vs /t fient^&S'j^s »j^a t , 

SfllEffl!j^groSlJ^flSSrA^m#i: LTScgftys-r-sss 
[»W©fiM«fclMn 50 
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[0 0 0 1 J 

mmom-rz&ffiftm mMzmi. wet 

S. 

[0 0 0 2] 

31— iWittS. T^^3.3i— ^— <r>W$b LT 

be®****, ABstm. «*i*!«#s aaKBett£& 
[0003] r * ?-^-?-mViPc<D 0 *>, ^lEts 

hWMX&M^tz'&. 1mm-Z>b$—x'r-r4 

h \zm s c r ^cojmkiz.mz> <dx& s. 

[0004] — mmn&mm&i. *) t ApHftBtco 

&&z<Dx-hzfrhtimb&m i i&£X'bz>i>^ ft&m 
t ^ a 31- 9 —\z.m\m i,m •> b v ^ 5 raa^ $> o fc 

[0 0 0 5] *rtm fcfbtVr^am-^-flft* 

mMBm&*i** mmKtovtt&K* 4tet3izam**/i> 

5. foSUSi-v/t^ViJ-w' hWffiT*^#5:JPx.-5t> 
[0 0 0 6] %fffl¥-l 1-269611 #^#{^fi, ^S^^ 

^8Sit^^J;tWE:<oi!i3g*-j&5SBI^$ttTV>-5. 
fit^fi, Pd-g-W**S27~32JW^F%roFe-Pd^^, fcS 
V t^*;5S23~30Jg^%(Z)Fe -Pt^^SrS* b -f 

[0007] #p¥5-3ii287-§^«{cfi, mmcuim 
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tt. Cu-Al -Mn^&&5ftflc:£:flPJEE IsTmt&LM Lfc&, 
«&S:i3<fcL«JPXLT, ^fEtt^,**®^^.^ 

[0 0 0 8] *H*RFf T 5,958, 154 Ni-Mn- 

mmm^^m^^m^m^^x^^ 

{00 0 9] 

?3M*Mm\^. mmzmti, m&&zmu 

[0 0 10] 

[wmztmiz-ftttb^m &&wi*. co&5~7ojjr 

^f%, Ni?r5~70m^-%, Al£5~50M^-%-^#U ^ 
3 f c c«igWyffi£B2«}&^0^<b&6 2Wi^ 

[ooii] mmi-ti^mcm^x^ jsi <Dmmgm 

tLT, ituiEitoJcf^PxT, Fe&0.001~30JSff^P%:joJ; 
t>*/Sfc«MnSr 0. 001~30l@^-%-g-*-rS r fcrtWS L 
\\ &tzM2(D%mffiM.t LT, Huia*l^;{-JPx.T, G 
a, In*3j;0*Sicr>5*>CDlfll£ 0. 001~50i^^-%*fc(4 
2 @J£l±&-g-fr 0. 001~50j^^%-^*-r S i £ riW * U 

[0012] */c^3 to^jgffi«i£ lt> mmm.\zJB 

B&0.0005~O.OUS^%, Mg3r0.0005~0.0lM-?- 
%, C &0- 0005~0. 01JS I F-%JoJ;t) ? P £0. 0005~0. 01® 
?%<D 5*,©1 «*fctt 2 r t L 

£fcS54 0£ T Sl®tlli LT, HufEtorJcJCjPxT, P 
t, Pd, Au, Ag, Nb, V, Ti, Cr, Zr, Cu, WfcitBlo 
<o o i m& 0. 001~10JST-%4fctt 2ffi&Lh£^ir 
0. 001~10M^-%-g-*i--5 r t *S*f 4 LV \, 

[0013] %*Ms<r>wmmk lt, mssj^iiett 

LT, HfJiE2ffi*lMroy^O^^75S0.01~80#^% 
[0 0 14] 4fc*»Wtt, #JKUfcMH»ttJg««a«S- 

t, apfs^Btc iot^i-f vim h^taati±(^p 
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ipjiusvv-cii, tmmmt^x. msmm^^—^— 
\f-j»wmx'*>z>z. t nm& u\ 

[0 0 15] *fc#3&Wtt, «MEUfc»JW4?^KE1t^ 

io m^iscxiim-rzgi&k&m-rzT?^*.^—?- 

X2bZ> B 
[0 0 16] 

<nmmz-^xmtfrz>. *&m<omm3mk&m-&&. 

f*, CoSr 5 ~70M^-%, Ni£5~70JlH=-%, Al£5~50 

Fe£r 0.001~301S^%, Mn£ 0. 001~30jjjV?%, Ga£ 
0.001~50J®^-%, In£r 0. 001~50J®^-%, SiSr 0.001 
~50iE J F-%, B SrO. 0005~0. OlMT-%, Mg&rO. 0005~0. 
20 01/^%, C 3:0. 0005~0. OlJW-^-%, P ?r0. 0005~0. 01 
JW-7-%-g-=fr-t-Sr£*s$f*LV\ *fc, Pt, Pd, Au, A 
g, Nb, V, Ti, Cr, Zr, Cu, W*d J;t/Mo(D 5 1 ft 
0.001~10^%*fc{4 2m^±5r-a-H- 0. 001~10® 

[0 0 17] Coi4, Nmii tt>fc?BttlE«Wttte«ttJ< 

oT, Co^T*»4 5~70IS J f-%«>*fiH*:»tS-rai5«^ 
30 fe^ 0 Nifcfc, Co-^Al£i:t>{-fl^:fStS i WH4^r(*]-h$-a:5 

V\ LfciiSoT, Ni-g-**tt5~70^%(Dffiia^J£ 

[0018] Aitt x o>^ikkh\zmkffl&¥f&*3£Xf 

mumk&faiiZTtZTtmx'&z,. l*»u ai^w*^ 

IEtSSb»4^mU^V\ Lfc^oT, Al^fitt 5 ~50 

40 (v^^>5ceci«it) » e m<ntF&mi$&fci?z>7cmx 
KaoiSr^ii^jaac (sir. ta^-^^ 

mxtb&o L*^, Fe^fl:>45 0.00lM^%*«r-ttB 
2 «5tco |3 *i©#«E««SriSrt'a * tt/£V \ 

*^ Fe-ft^TS*«30]R^ %Srjax.-5 £ B 2«igO /3 +9(0 
#£^££j£»f5a»*a*fi&S]-r3. Lfd^5 0 T, Fe^ 
S(4 0.001~30W^%©«BBB*«(|J£-r5O3ftS#* LV\ 
50 [0 0 19] Mntt, B 2«3gr(7)/3 1S(D^S:{Eit-rS7E; 
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[0 0 2 0) Gad In^itirtM, ^A-T^lM 

ffiM^iu^^ y -imzmtz^z^mxtb V > In 

it>^^U- *Ug£-200 — 200 o CcOf5HT-gft(C$lJ^ 

W£tlt£\<\ L^ot, Ga^frfif* 0.001 -501^% 

[00 2 1] Inft Ga^iirt^^, ^Vl-T^lM 
H6faS*3 iU^zr y — i&tf StSI-?*) 19 , Ga 

<tt5^y— s^Sr-200 - 200 c CcoffiHT*gfe^iffli 

*$tt*V\ In^*4^50ig J F-%^X.Tt^ 
#SiX*V\ Uc^ot, In^*«: 0.001— 50JD^% 
[0 0 2 2] Sift Ga-^Intirt^ -*vl^>"!Nf 

<fcOMr^y — ffl^Sr-200 — 200t:<75t6H"C g 
T?#S 0 L*»U Si^**3flS0. 001JR^%*»^f4^/V 

^vim h^ffi^^i^^y-fas^Mffli^^ 

»£ft*V\ Lfctfot, Si^**tt 0.001 ~50JS^% 

[0 0 2 3] Bit Mg, C^P£<ht>(^ JBJft&ttfflM: 

fe£ 0 U&>U B^WStfSO. 0005JDK^%^^Baai(W) 40 

fc, B^*ffl^o.01^%^m^«t^»^it> + Jt£tt 
lRj_h^Sft*35 s fia?P-t-So Lfd^oT, B^WfifiO. 0005 

-o. oiJs^yooffiHSrSjje-rs^^* lv\ 

[0 0 2 4] iigtt, b, c^PtHK, 

8b*^«fl^Pi-So Ufc^oT, Mg^frffiteO. 0005— 0. 01 50 
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[0 0 2 5] Clt B, Mg^Ptifc^ l»i»S:«»Mb 
U tm*»H4*5 J: t/^IS1t#t* £ ft ± £ ^ 3 ^niSf 
L^U C^W*35S0.0005^%^^f*H«^ 

fa±:<D%)$kl)tmn't?>o Ufc#ot, C^**fiO. 0005 
-0. OlJH'f %<^«SHS:?«Jei-a^}&s»4 U\ 
[0 0 2 6] Pit B, Mg^CirifcK, HlK^Wft 

fcSo US»U P^»«0.(X)05JDS^%^^W*a«(O 

fc, P^W*^0.0iJW^%*jB^5iimtfeJ:t/^ 
f^±(D^^^ < 5 o Lfc^oT, P-a**te0.0005 
-0. 0lJg[^%^ffiHS:?«J8ii-5^^^ lv\ 
[0 0 2 7] Pt, Pd, Au, Ag, Nb, V, Ti, Cr, Zr, C 

u, wfccfctfliote, v^-fttfc^/i^^vf hXKBil^ 
e>(^5c*^ o. OOlM^%*^T^0^(D^*ffl>fbfc J; W 

*39nojs^-%s:«^* bmm\&*Tm&®ito±3/m& 

£lt ^<^#*te 0.00l-l0j^%t^EH£?SJ£U 
2fflJW_hSS!jp-r^#^fi, ^rc7)^*»^tf- 0.001-10 

[0028] ^tc*^p^o^at^^fsi«^co«ai^^ 

ov^rRM-rso *&w<ommffimz^&&&, B2 

v^*<o-«ff*Lv\ *»Wfc*5Vvrtt, «BfiSr#5* 

[0 0 2 9] 2S$»i, **BB«^H:^T3ffitt f ^ 
LV \ fefc L y 4B<O#«»*36S0. OlflflRte^^ttJ^R 

^*ttO. 01-80f*«%^©fflSr?^S-rS^»* LV\ 

[00 30] *«M^M«HSB«lE«^Sr»jfii-5» 
^fi, SS^SrfiHS-tirT 500-1400 e Ct?IS«Q ! SS:tT*o 
jSIAixSrtT&Po ^5 LTi3ffi^7ffit(D2ffi*a 

mtitzm±^w-r^> <dx&z> 0 j^AtiLfc^ N ^e>^ 

«ldPIL, SOO-HOO^T'S^SIK^aSrtT^S 
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r. b J; o X , ^fcB2 /3 

*s WB«i«6ro3fiatt^Kfaig^^s# h ft*. 
[003 1] r©¥ffl|ii^<D3filKt^^iE11i#^Sr, £ 
P> }C 500~1400 < CTi^S LT /3 ffi<D^®K#tr y ft£ 

ZtitzB 2Wlk<o BftbM&lcmtift f c c#ligcDy*i 

(4, A1^S^S27~32^%. Ni-g-*ft*S35~38JR^% 
[0 0 3 2] ^OT^fai-^-li, ■%&mv>&. 

[0033] fctx-tisi iz.mtwm.mti tm^s4 1 
-rso mi (a) ro^^^iEitgwiroas^-v/UT- 

VIM h£ttffl£ «t t> ffiT-f-S t , J^RIBMWWt 1 tt» 

ti%> 0 HI Kb) 14, ^|Etta5*tl^8S^4(cK^F$4x 
Tb^ffiSr^-f. El Kb) ro^T'jg^2^6>3— ($>5 

v^tti»jft3*»t>2^) iiw-rst, MvsmmtKom. 
[0034] ft*5Ei i -^/w-r vim vm&mg.x. 

dOl^T^ Lfc#\ fi£54<Z>iB@£r^3E-f*Ui, v;Wf 
VIM h^fia!£4 9{g;<wa^T'®^&»U iSS^S 

[00 35] ^fEttSW-t 1 £S£&4 £ ^"TS 

TV*f-=L3-— <DM<D&l&m2lC.7jk-f 0 02(a) (C^ 

■t-J; 5 *^*E«**fc»:WE««»t lbMG4b% 
IB! 1 5 rtfcEK U BaW 5 rtfcSttfr 6 Sr^^- 0 0 2 (a) 
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a j: t) ®Ti-5 1 . j^fanw i nmm.^-r^ 

fV^r-^J MB i: ft 9, a^4(c®«p$n?>„ 1212(b) 

(4, j&tfcfHtgJHM* i /$ s s£& 4 icvRm^ntc^m^-to 

0 2 (b) ©tt»-CJ»RE««U«- 1 OWv;l^ VIM 

h was <fc o ±#w- 5 1 , mMemmt i tefitsittro 

JEHHEttWtttltt, HI 2 (a) {c^-r^i-^So - 

10 [0036] ft*S02 -^/Pt 1 VIM h^fif&KJ; 

9 i«V ^affi-CWft: 6 Srift U t£v *i&flrc«G* 6 fc^BH" 

isv ^iag-csfstt 6 4r»s-r r 1 1 ^jmxh z> 0 m& 4 14, 
G&i&m-tzw&i-i, ffi#6<Dm&mttcx.'z>xm#6 

[0 0 3 7] LT^ffrf-ST^^a.^— ^— © 

flfe<£>0ij£ia 5 (c^-r, HI 5 (a) fc^i" J; 5 ^^tSrlElt 

^-Brfc^tatigm 1 4 b Srga^ 5 rticiai^ 

(c) ^ffig|4-*-r<t 5 \£, ffi&KUAmfttbtlX^Z 
HI 5 (a) ro^ffi-Cfi^fiWCTV^So HI 5 (a) (O^ 

30 nxMv&mmt 1 ©tas^w/ux h <t 

[00 38] El 5 (b) (4, MVSStemt 1 fcti&S 4 {ClK 
*Slxfc!K«Sr*^-. «54f4S«f#l3^«to-C3d*$ 
tlXi3<9. &&&13(OW\ffi&ffi&;6tiiffimX%2><OX'* 
El 5(b) ©«»t?f4» Jg^ttB»tllJ:»!»tfe*tfc«fBi 
?Ll4^iioT?5ftfls:6>05^ii-t>^^ o gj5(b) (D^MX-M 

wgmmt i ©aaaw/i^^'-iM' MEiiSBijf ± t> -t* 

(40 5(a) tc^-r^t-^-So - 5 LxmMnmu^-x. 
ixffi&e*m\.tz.v)mm\.tL')xzz>#b Lxmm- 

[0 0 3 9] &*sEl5U:f4 % -vASr^J hW&M&J: 
50 SrK4l1-5twr-*>5*>e>, *^^foSVM4ttflS«, 
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[0040] tz.fi IMPS A t LXTktKM^&i&m-tZm 

Lfc t) xz 5# t Lxmm-rz>c mz4t vxmm&* 
ifcm-r&w&i-x. ffifc6<wMMfc—fex3b^xh, mm 
^zmmzm, Lxm&%&it£-&z> r. t icj; ^xmw-e 
&mi,tz.'9mmi,ti<9X'Zz#kLxmm-z><, is 

(c) fctt, ^fEttmtl(ij)Sii?Ll4^6^B9:(t-5^!lSr 
[oo4i] %tz.^w^<n>mn>r^^-^~- a>— ii s ^ 

;bPi?&gBt::J;oT^,/l^>'lH' h^ffiMi^Lh 

mmm<Dmk^£^xMttmmmtiz.®t)$:tt^z>M 

[0042] te&fimmwt LT u~- !f— t-— Agsfgsg 
S:ffiffl-r5t*P^a^Sr«^J;<$iJffl)-et, L^tPS^ 

£&l£-f-{£fil;ia:&4£Ifl|3:-f;5 <> ^ 4 ia*f)P!&fc?L 9 
-if- 1- A 8 asiHURHFL 9 Sriio-C^^tettmt 1 £JP 

^-rs, ^tatigw i timmisKx-^jisrisy-j 

[0043] fl£^4te, hmmuMUJdlz. 

hw b<omftmz±cz>m&m<£>mfc\c£<>xMm£. 
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mm***, ctz t # (Dmm^Mik^mk&mfe ur 

SrUJ*«*tUT, DTfWfrTS^B 
[0044] fct^fi, «fx.5rttJ;ot-7/i/ 

<ti,-ttteimmmt&mi\Lx, m^^jmssmm 

[0 0 4 5] 

-&r, 5oo~i4oo°c-eBMa$r ; fT^i\ 

LT 5O)~140(rc^WfeiMia»«!«Srfi 1 *V\ 

mm&tt*3-£*iit&&s,<o$# (b 2«it) (D&mmz 

[0046] 3 *3«fctJ^P^^J 4 (4, 1 , 38 

?wj 2 1 mm<7)^mx^m^(D $ m&£j&£-&tcm, $ 
i«8w«6«:, ?gwji, kmm&jmxmti 

30 fiW0fiSrM$*fct> ^ bfc SOO-lSSO^CT'Uft^S 

X&>Z> 0 5 (D 7 ^©ft^^-*ttlO^%T-fc »5 , 

Wm\ 6 (75 v ffi<0^{^tt40^%-efcofc 0 
[004 7] VcMtM 1 (4CoW-g-*i^5^fgB^»®HSr^ 

fc„ Jt«^3«, 16^5, ^e»i6 tmmojmx-y 

[0 0 4 8] 

mi] 
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[0049] mwmi~6&£x£tfcmmi~3i^\,^x & [ooi] ^i-rmjolt, ai**4r«Deufc. a+h 

^ot^tWStUfco J E:^«*S:^2^-r o fi^fS iCO^Tfl 30mmX10mmX lmn(0^^^3gtfrSrfflt\ 

»«H4fi, 50mmX 5mmX0. 3ram <Dftft<Dt*8lFr$:%) 9 ttj JE5££faK¥ff#|6]t fcBW»Sr*P*.fc £tf>JBffi*|6]<£> 

2p&S!5tLfc 0 «ai»ttf4, *»S/3fflT-fc5«M0iJ3 [0 0 5 0] /«C*5jg#tlE««H4^lHl«* (%) J3:TfB<£> 

— 4*5J:l/Jtt!Mfij2tcov^T«:, El 1 \z.^frt£ o ^ -& (l)tt&m£ti&t£r*1bQ . «!1$tt (%) teTfB<£> 

ffiSmmXSmmXSmmCO^R^^DaU (110) B (2)a£^gai£ftSfii^fc?K JftHJffi®* (%) f^TfE 

^ hu^y— >?2S:3S*Lr, ^^30A/m^#H (3)ar^j|[aj*ixa4sre*>*o 
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